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A way forward for research on biomarkers
for psychiatric disorders
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Webster’s New World Medical Dictionary provides a simple
definition of a biomarker as “a biologic feature that can be
used to measure the presence or progress of disease or the
effects of treatment.” In the research literature, the term “can-
didate biomarker” is often loosely applied to any biological
feature associated with a disorder. The search for biomarkers
for psychiatric disorders has a long history, with earlier
studies investigating molecular markers, like platelet imip-
ramine binding or cerebrospinal 5-hydroxyindoleacetic acid
(5-HIAA) in people with depression, or behavioural markers,
such as smooth pursuit eye movements in people with
schizophrenia. More recent searches continue to look for
blood biomarkers (e.g., brain-derived neurotrophic factor
and cytokines in people with schizophrenia or depression)
and behavioural biomarkers (e.g., fear extinction in people
with anxiety), and are progressing on to more high-tech
searches, such as the use of proteomics to define signatures of
proteins altered in blood or the use of support vector ma-
chine analysis to define informative neuroimaging patterns
or panels of immunoassays altered in specific disorders.

Biomarker research

One major goal of biomarker research, simply put, is to im-
prove the accuracy of diagnosis to, in turn, improve patient
outcomes. This approach has been successful for some disor-
ders, but for psychiatric disorders it poses particular chal-
lenges. Identification of a valid biomarker is based on obser-
vations that the biomarker is detected in patients with a
specific psychiatric disorder and not in healthy controls.
However, the fundamental definition of a psychiatric disor-
der is based on subjective (distress) and/or behavioural (dys-
function) criteria, which are determined clinically. Therefore
it is difficult to see how diagnosis and treatment can be
improved by simply trying to use a biomarker to help decide
whether a person does or does not have a disorder. For ex-
ample, if a patient has clinical symptoms of obsessive—

compulsive disorder (OCD) but lacks a positive biomarker,
treatment would still be given. Conversely, if a patient
doesn’t have enough symptoms of OCD to warrant diag-
nosis, he will not likely be given treatment even if he has a
positive biomarker.

More refined use of biomarkers might be beneficial, for ex-
ample, if a biomarker could predict the presence of an early
disorder that is not yet clinically evident but would show im-
proved outcome with early treatment. In Alzheimer disease,
understanding of the temporal ordering of biomarker expres-
sion has allowed the field to progress toward incorporating
cerebrospinal fluid (CSF) and neuroimaging biomarkers into
the diagnostic criteria for detecting early latent disease and
for staging and describing disease progression.' In addition, a
biomarker could prove useful if it could discern between
closely related disorders or demarcate subcategories of a dis-
order and if this categorization resulted in different treat-
ments and outcomes. Taking this notion even further, Kapur
and colleagues® envision a situation where clusterings of
positive biomarkers drive the definition of homogeneous dis-
order subtypes that may cut across traditional boundaries of
DSM-defined disorders.

Examining the evolution of biomarkers for nonpsychiatric
disorders may also highlight the special difficulties challen-
ging their use for psychiatric disorders. As an example, con-
sider the use of bone density measurements in the diagnosis
and treatment of osteoporosis. A major difference in the situ-
ation between psychiatric and nonpsychiatric disorders is
that, in the case of nonpsychiatric disorders like osteoporosis,
the pathophysiology may be better understood, and there is
strong reason to believe that the biomarker is a component in
the causation of the disorder and that changes in the bio-
markers will reflect outcome. Yet even for osteoporosis, bone
density was accorded much more weight as a diagnostic
prognosticator until later studies emerged showing that most
bone fractures (the major outcome of importance) occur in
people with normal or low-normal bone density. Now bone
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density is considered to be only 1 of a battery of indicators that
can be incorporated into an assessment tool to predict risk.’

Compared with some nonpsychiatric disorders, our under-
standing of the pathophysiology of most psychiatric disor-
ders is scant. The search for biomarkers for Alzheimer dis-
ease may be somewhat advanced compared with that for
other psychiatric disorders owing in part to an understand-
ing of components of the pathophysiology of Alzheimer dis-
ease (amyloid deposition, tau proteinopathy, neuronal de-
generation) and their relationship to disease progression and
clinical symptoms.' For most other psychiatric disorders,
even if markers, such as levels of a CSF protein or abnormal
neuroimaging findings, are found to be associated with the
disorder, it remains largely speculative how these markers
relate to the symptoms and pathophysiology of the disorder.
Most importantly, for psychiatric disorders, we do not yet
have evidence that assessing the profile of a biomarker will
alter the clinical outcome of the patient. As an aside, it ap-
pears that some recent court cases have already begun to use
markers, such as neuroimaging findings and genetic poly-
morphisms, as arguments to convince the court that the ac-
cused has a mitigating psychiatric disorder (clearly affecting
the defendant’s outcome!).* This seems premature given our
limited understanding of how these markers relate to the ex-
pression of psychiatric symptoms.

Confounding factors

While some candidate biomarkers can be shown to be highly
associated with a psychiatric disorder (i.e., high sensitivity),
the specificity of the biomarkers for the disorder may also be
particularly problematic in the case of psychiatric disorders.
In general, there is large overlap in pathophysiological find-
ings among psychiatric disorders, and a biomarker must not
only differentiate disorder A from healthy control condi-
tions, but must also differentiate disorder A from disorders
B-Z. For example, Benson and colleagues’ recently described
a set of eye movement abnormalities detected using simple
viewing tasks that could distinguish people with schizo-
phrenia from healthy controls with 98% accuracy. Yet eye
movements are complex functions regulated by multiple
brain regions, so one might expect that abnormalities in
many brain areas could give rise to disorganized scanning.
In fact, scanpath abnormalities are found in many other dis-
orders, so a specific signature of deficits would need to be
found that differentiate schizophrenia from other types of
psychiatric and neurologic disorders. A factor confounding
the utility of many potential biomarkers (e.g., oxidative
stress, inflammation, growth factors, prepulse inhibition of
startle, altered hypothalamic pituitary adrenal function,
neuroimaging disturbances in the default mode network) is
that they are found to be altered in multiple psychiatric and
neurologic disorders. Some markers may also be readily
influenced by environmental and lifestyle factors, such as
diet, stress, activity levels and substance abuse, which fur-
ther confound findings. Of course, confounding effects of
psychotropic medications on biomarker findings remain an
ongoing issue.

Approaches to biomarkers for psychiatric
disorders

Given the lack of specificity of many biological findings in
psychiatry and the very nature of psychiatric disorders, which
are multifactorial in etiology and heterogeneous in expres-
sion, it is unlikely that any 1 biomarker will greatly impact
diagnosis and treatment. Progress in biomarker research for
psychiatric disorders will almost certainly require a more
complex approach incorporating a range of biological find-
ings that have been associated with a particular disorder. Sev-
eral groups are working on incorporating a multiplicity of
clinical, socio-environmental, molecular, neuroimaging and
neurophysiological findings associated with a psychiatric dis-
order (e.g., Alzheimer disease,’ depressive disorder,”* schizo-
phrenia’) to detect particular signatures of the disorder. The
identification of the relevant biomarkers in these approaches
may be based on either a theoretical framework derived from
existing evidence about the disorder’” or on an atheoretical in-
formatics approach that does not rely on understanding
mechanisms.®

One of the most advanced projects in this respect is the
Alzheimer’s Disease Neuroimaging Initiative. Funded jointly
by the U.S. National Institutes of Health, the pharmaceutical
industry and other organizations since 2004, it initially in-
volved researchers in more than 50 American and Canadian
sites collecting longitudinal imaging, genetic, biochemical and
clinical data in a standardized way on a large population at
high risk for or with Alzheimer disease, and is now being ex-
tended to include collection of data from countries around the
world.® Remarkably, this huge data set is freely available to
any researcher wishing to investigate or confirm their individ-
ual findings and hypotheses. An expected benefit from this
approach is the use of biomarker signatures to define the
members of current high-risk populations in whom Alz-
heimer disease is most likely to develop, thus decreasing the
numbers of participants needed and the costs for clinical drug
trials. In a similar vein, a Canadian multicentre initiative to
define biological signatures for subpopulations of major de-
pressive disorder, derived from a wide range of clinical, gen-
etic, neuroimaging and biochemical markers, is also currently
underway.’

While such intensive approaches will not be practical to
assess individual patients in daily clinical practice, it is
hoped that a workable small number of key informative bio-
markers will emerge. This seems to be the way the field is
headed, but there appears to be much work ahead to analyze
large data sets of patient characteristics and biomarkers to
discover biomarker signatures that define patient subgroups
and to experimentally validate whether these signatures pre-
dict treatment response. A further hurdle will be to deter-
mine whether one can tailor a biomarker signature approach
that is practically and economically viable for clinical prac-
tice. For this to happen, meaningful differences in treatment
response will need to be achieved using a small, workable
number of biomarkers. In addition, the major problem of
standardization of biomarkers in a clinical setting (e.g.,
quantification of neuroimaging measurements) will need to
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be addressed.' The practical establishment of biomarker
availability will also open a variety of ethical and social is-
sues related to their use, as discussed in a recent commen-
tary."” In the final analysis, the major challenge for biomarker
research will be to demonstrate that it provides improved
outcomes compared with current clinical diagnosis.
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